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The electric field value at which electrostatic discharge (ESD) occurs was studied for thin 
coatings of fused silica (highly disordered SiO2/SiOx) on conductive substrates, such as those 
encountered as optical coatings and in Si microfabrication. The electrostatic breakdown field 
was determined using an increasing voltage, while monitoring the leakage current.  A simple 
parallel-plate capacitor geometry was used, under medium vacuum and at temperatures down 
to ~150 K using a liquid N2 reservoir. The breakdown field, pre-breakdown arcing and I-V 
curves for fused silica samples are compared for ~60 nm and ~80 ȝP thick, room and low 
temperature, and untreated and irradiated samples. Unlike typical I-V results for polymeric 
insulators, the thin film silica samples did not exhibit pre-breakdown arcing, displayed 
transitional resistivity after initial breakdown, and in many cases showed evidence of a 
second discontinuity in the I-V curves. This diversity of observed discharge phenomena is 
discussed in terms of breakdown modes and defect generation on a microscopic scale.  
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USU ESD System Schematic. 
 
Typical I-V curve of ESD 
breakdown of LDPE, 
which is similar to those 
for other polymers. Inset 
shows breakdown site. 
Solid model for the ESD sample stack assembly.  
A Copper electrodes  B Thermocouple electrodes  
C Polycarbonate base  D Conductive sample plate  
E Thermally conductive, electrically isolating layer  
F Liquid Nitrogen reservoir  G Adjustable pressure springs 
H Fused silica sample  I Conductive padding 
J  Polymer Sample  
•  ESD experimental configuration is a simple parallel plate capacitor that 
allows for charge injection by material contact. By monitoring the applied 
voltage and leakage current we observe transient current spikes, 
electrostatic breakdown, and subsequent free flow of current in the test 
material.  
•  Samples can be cooled to ~150 K with Ɛ-N2 reservoir for cryogenic tests.  
•  All samples were subject to vacuum bakeout to eliminate water and volatile 
contaminants and kept in nitrogen gas prior to testing. 
•  Test plan included:  
o  Verify system functionality with room T and cryogenic LDPE.  
o  Fused silica thick film samples at room T and cryogenic T.  
o  Room T and cryogenic tests of irradiated fused silica thick film samples 
.  
o  Fused silica thin film samples at room T and cryogenic T.  
Features of ESD test for LDPE: 
 
•  Experiment uses 20 V increments from 0 to up to 15 kV.  
•  Initial current is  10 nm, indicative of very high sample resistivity.  
•  Above Vonset small transient current spikes begin, increasing in amplitude and 
frequency as voltage increases.  
•  Above VESD at the dielectric strength of the material, there is an abrupt complete 
transition to a smooth slope:  
o  A very low resistivity conduction path is created in the material.  
o  Slope of graph corresponds to ohmic resistance of the circuit due to the 
current limiting resisters (200 M).  
o  Zero intercept is indicative of complete breakdown. 
Untreated Samples at Room Temperature 
 
•  Pre-breakdown current spikes rarely observed. 
•  Breakdowns did not exhibit purely ohmic behavior. 
•  Often there was a transition into a second region closer to 
an ohmic slope.  
•  Despite variations in post-breakdown behavior the 
breakdown voltage was very consistant. 
•  All samples tested at room temperature were removed from 
the chamber without visible ESD damage.  
Untreated Samples at Cryo 
 
•  Pre-breakdown current spikes rarely observed. 
•  Again, the samples did not break down completely. 
•  Most samples broken down at cryo had transitions to a 
second higher slope. 
•  Breakdown voltages were very repeatable and significantly 
higher than in other configurations. 
•  Most cryo samples had visible damage at the ESD site 
including cracking and blacks scorching. Samples with pin 
holes or very small cracks with scorch marcs indicate that ESD 
caused the cracks and not vice versa 
Irradiated Samples at Room Temperature and Cryo 
 
•  Each irradiated sample had been exposed to 50 krad. 
•  At both room temperature and cryo the breakdown voltages 
were comparable to the untreated samples. 
•  Post breakdown behavior varied greatly, many showing 
unusual slope transitions, several of which  where not well 
defined.  
ESD tests were performed on ~60 
nm  thin films of essentially the 
same material. The I-V curves 
were remarkably similar to those 
of the thicker ~80 ȝP, exhibiting 
few pre-break discharges and 
transitional EESD .   
EESD for the thinner films is ~5 lower than for thicker films. This suggests 
that thickness-dependant, T-independent (Fowler-Nordheim like) tunneling 
transport mechanisms dominate for thinner films and T-dependant, 
thickness-independent (Schottky-like) transport mechanisms dominate 
thicker films. 
ESD Test 
Configuration 
Breakdown Voltage 
(V) 
Breakdown Electric 
Field (MV/m)  
Untreated at  
TRM=293±3 K 
1500 ± 180 20 ± 3  
Untreated at Cryo  
TCryo = 157±3 K 
2230 ± 30  27 ± 2  
Irradiated   
at  TRM=293±3 K 
1565 ± 1 19.0 ± 0.4  
Irradiated at Cryo  
TCryo = 142±18 K 
1540 ± 35  18.8 ± 0.6  
60 nm Thin Films 
at TRM=293±3 K 
~2.5x10-3 ~4 
The average breakdown field strength for each test configuration was 
determined as EESD=VESD/D, where D is the measured sample thickness.  
Based on these I-V curves, we conclude for fused silica that: 
 
•  Fused silica exhibits few partial discharge current spikes prior to 
breakdown, unlike LDPE and other polymers. 
•  Transitional ESD in fused silica usually results in a breakdown to an 
incomplete, finite, and variable resistance rather than a complete 
breakdown as occurs in polymers.  
•  EESD in untreated fused silica is ~35% higher at low T. 
•  EESD at low T is affected by a change in the number of defect states due to 
exposure to high radiation (but not at room T). 
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